Currently the most common method to determine the contents of a package suspected of containing an explosive device is to use transmission radiography. This tecimique requires that an x-ray source and film be placed on opposite sides of the package. This poses a problem if the package is placed so that only one side is accessible, such as against a wall. There is also a threat to personnel and property since explosive devices may be "booby trapped."
INTRODUCTION
Using transmission radiography to image the contents of an unknown package poses some undesirable risks. The object must have an x-ray film placed on the side opposite the x-ray source; this cannot be done without moving the package if it has been placed firmly against a wall or pillar. Therefore it would be extremely useflil to be able to image the contents of a package from only one side, without ever having to disturb the package itself.
Sandia National Laboratories has done extensive work under a program funded by the Anny in the detection ofburied nonmetallic landinines.' This program was very successful in obtaining detailed images of both metal and plastic landmines, buried up to several inches below the surface of the ground. This system was tested in the lab as well as in field conditions.2 With the same backscattered x-ray tecimology, we performed several experiments on identifying the contents of a closed package.
Using industrial x-ray machines with a collimated beam and a scanning technique developed for landmine detection, we have taken images with sufficient resolution to identify the components arid wiring of a mock bomb hidden in a case. We also took a preliminary image using a pinhole camera with results that are encouraging toward development of the use of a charge coupled device (CCD camera) as a detector rather than the plastic scintillating detector.
*Sandia is a multiprograin laboratomy operated by Sandia Corporation, a Lockheed Martin Company, for the United States Department of Energy under Contract DE-ACO4-94AL85000.
APPARATUS ,N[) PROCEI)LJRES
At the avcrage energies used for this cxpcrinienl, the predominant mode of x-ray interaction is the photoelectric effect. The photoelectric coefficient is dependent on the etTective atoiiiic number (Z) oftIme material being irradiated:
shere E is the energy of the incoming x-ray. The volume of x-ray s absorbed is Important because it is. of course, directly correlated to the intensity of x-mys that vill be scattered. Most of time x-ravs that scatter will do so in a generally forward direction: however, a small percentage do scatter in a backward direction. Figure 1 shows a diagram of the various fates of x-ravs directed into an object. 
V' interrotated
If the original intensity of x-ravs is large enough. the detection of these backward scattered x-ravs becomes sufficient to generate an image of the material being irradiated. Variances in the intensity of the image are created by the varying effective atomic numbers as the composition olihe irradiated object changes. These differences can be exploited to great benefit in distinguishing objects hidden or obscured h other objects.
The x-ray generator that was used for the experiment was an industrial x-ray machine. It was operated at 1 So kV and 5 mA. The output beam was collimated to produce a 0.6 ciii diameter spot size. The spot was scanned across the package being interrogated in (1(4 cm steps. The detector used for time first part of this experiment was 244 cm long by 7.6 cm wide by 5 cm thick. It used a photomultipiier tube as the light sensing element and plastic scintillating material. 
Iiiotornu!1i1tUD
The package that was examined in this experiment was an attache case made of pressed libeiboard with a vinyl covering. It was approximately 36 cm wide by 51 ciii long b 13 cm decp. The case was placed omi an aluminum sheet under the x-ray source. Because of the laboratory setup. the attache case was rastered in the v-coordinate direction, while the x-niv source rastered iii the x-coordinatc direction. Howevcr. for field use, the x-ray source would of course raster in both the x-and v-coordinate directions. wliilc the ohect under interrogation would remain stationarv and uiidi siurbed
The information gathered by the plastic scintillating detector was transmitted through the photoinultmplier to an image processing program on a computer. The image cati he produced in real time as the x-ray beam scans the package.
A secondary experiment was conducted to check the feasibility of using a CCD caniera to record the backscattered x-ray data rather than using the plastic scintillating material. This involved creating a cnide pinhole camera. A schematic diagrmmn of the setup for this part of the experiment is shown in Figure 3 .
Polaroid film was placed in the pinhole camera to record the image rallier than using the computer image processing program for this initial test of this system. The x-ray source setting for this experiment was 10(1 kV and 15 mA. The pinhole aperture was 0,16 cm. Polaroid film This image was generated 5 minutes. Several images of this size would he required to cover the entire case, but could be produced simultaneously by multiple systems.
DISCUSSION
White this system has provided useful images in the laboratory to dcmnoiislrate prool-of-primiciple. a simpler portable system is desirable for field work. A system based on the scanning technique iiscd in the first part of the experiment could be engineered for field use but it would have bulk and speed hiinitatioiis. These limitations could be improved ifa distributed source thai covercd all ora large fraction of the object were used. The source would be an uncohliinatcd industrial x-ray machine, but thus requires a new detector arrangement. The detector arrangement that would lend itself to thissystem would be a pinhole camiiera.
The image shown in Figure is a rough initial pinhole camera image that was created in order to test the possibility of using the CCD camera. Further development of this method, as vcll as the use of an actual CCD camera rather than the simple pinhole camera that was constructed for this experillient. will allow for much more detailed resulting images. A resolution of I iiuii should bc possible using this mctliod. ]iiis would allow the identilication of bomb components. including v ires. linprovciiieiit iii detect ion cfticiencv using either multiple pinholes or coded apertures should allow lillaging tunes of ivc uhililites or less. The image would be real time and could he displayed oii a laptop computer.
A mobile system for use by law enforcement agencies or boiiib disposal SquadS needs to he portable and somewhat durable. A 300 kV x-ray source should be sufFicient for the task requirements and can be mounted on a mobile system. A robotic carnage could be used to transport the x-ray source and (lie CCI) camera to the proximity of the suspect package. The controlling and data analyzing elciuicnis of the system could then be maintained at a safe distance from the possible explosive. 
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Controller, program and power supply display _______________ Figure 8 . Conceptual design of a mobile system for package interrogation.
CONCLUSIONS
The use of backscattered x-rays for interrogation of packages that may contain explosive devices has been shown to be feasible in the laboratory. Using a 150 kV x-ray source and detectors consisting of plastic scintillating material, all bomb components including the wiring were detectable. However, at this time the process requires more time than is desirable for the situations in which it will most likely be needed. Further development of the tecimology using CCD cameras, rather than the plastic scintillator detectors, shows promise of leading to a much faster system, as well as one with better resolution. Mounting the xray source and the CCD camera on a robotic vehicle while keeping the controlling and analyzing components and the operating personnel a safe distance away from the suspect package will allow such a package to be examined at low risk to human life.
